Sertoli cells are crucial for spermatogenesis in the seminiferous epithelium because 2 4 their actin cytoskeleton supports vesicle transport, cell junction, protein anchoring and 2 5 spermiation. Here, we show that junction-mediating and regulatory protein (JMY), an 2 6 actin regulating protein, also affects endocytic vesicle trafficking and Sertoli cell 2 7 junction remodeling since disruption of these functions induced male subfertility in 2 8
Endocytosis occurs through multiple steps which initially include internalization of 2 3 5 proteins spanning the entire width of the plasma membrane followed by vesicular 2 3 6 trafficking into early endosomes. Subsequently, the endosomes are inserted into the 2 3 7 lysosomal degradative pathway or recycled back to the plasma membrane. To identify 2 3 8 the trafficking fate of the endocytosed junctional proteins, we used a biotinylation 2 3 9 assay that labels extracellular amino residues of membrane proteins and allows their 2 4 0 trafficking to be monitored. In WT Sertoli cells, the biotin labeled proteins were 2 4 1 initially detected at the surface of cells and endocytosis gradually moved them into the either 1 hour or 3 hours culture in vitro ( Fig. 5 A) . Even though biotin-labeled 2 4 5 membranous proteins were transported into the cytoplasm by endocytosis in Jmy 2 4 6 CKO Sertoli cells, endocytic trafficking was not completed since the proteins 2 4 7 accumulated in the cytoplasm (Fig. 5 A) . Alternatively, treating with dynasore blocked labeled membranous proteins remained on the cell surface ( Fig. 5 B) . Moreover, immunofluorescent staining also demonstrated that a large amount of colocalized with endocytic vesicle markers, clathrin and caveolin 1, rather than the 2 5 3 endosomal markers, EEA-1 and Rab 11 ( Fig. 5 C) . These results suggest that the loss 2 5 4
of Jmy function blocks vesicle trafficking into the early endosomes. Due to the role of JMY as an actin regulator, we hypothesized that cooperative 2 5 9
interaction between JMY and some other proteins contribute to endocytic vesicle 2 6 0 trafficking. To gain insight into the molecular mechanism underlying JMY effects on analyze the MS data in order to search for functional annotation terms and pathways.
6 5
The analysis showed that the proteins interacting with JMY are mainly constituents of 2 6 6 a group classified as "Regulation of actin cytoskeleton", "Tight junction", "Focal 2 6 7 adhesion" and "Endocytosis" in Sertoli cells (Table S2) . Similarly, 2 6 8
Clusters of Orthologous Groups of proteins (COG) analysis revealed that 15 proteins identified by MS were classified as "Cytoskeleton" (Fig. S3 ). Considering the known Sertoli cells (Guttman et al., 2002; Lui et al., 2003; Lie et al., 2010; Li et al., 2011; 2 7 5 Aristaeus de Asis et al., 2013; Chen et al., 2017; Chojnacka et al., 2017 this prediction proves to be valid, the structure of the actin and Arp2/3 complex may 2 8 2 in fact also contain other constituents. Since α -Actinin1 and Sorbs2 very prominently interact with JMY based on their 2 8 7 presence in immunoprecipitates of JMY, we presumed that they support JMY function 2 8 8 by serving as its co-factors. To confirm such an interaction, we interrogated 2 8 9
immunoblots obtained with JMY antibodies for both α -actinin1 and Sorbs2. Their interacts with α -actinin1 and Sorbs2. Furthermore, immunofluorescent staining substantiates α -actinin1 and Sorbs2 in close proximity to the actin cytoskeleton. More importantly, JMY colocalizes at the 2 9 5
cell edges with this complex formed between α -actinin1 and Sorbs2 and the actin 2 9 6 cytoskeleton network ( Fig. 6 B) . Colocalization of JMY with these proteins 2 9 7 strengthens the notion that these proteins bind to JMY. Accordingly, it is possible that 2 9 8 they may interact with one another and mediate specific biological functions such as branched and extensive foci in Jmy CKO Sertoli cells ( Fig. 7 A) . Nevertheless, the function was not dependent on an interaction between JMY and Arp2/3.
0 9
Although both α -actinin1 and Sorbs2 strongly interact with the actin cytoskeleton, were slightly reduced ( Fig. 7 B) . A more striking change was that loss of JMY This disruption is evident based on the altered immunofluorescent staining pattern showing disorganization of the actin cytoskeletal filament network ( Fig. 7 A) . What is 3 1 6 even more informative is that changes in their immunofluorescent staining pattern of an organized actin cytoskeleton network. There is suggestive evidence that the actin cytoskeleton and its binding proteins play structural and integrity formation in Sertoli cells, which is obligatory for preventing
premature sloughing of developing germ cells from the seminiferous epithelium.
1
Such protection is necessary because it prevents dysfunctional sperm development 3 3 2 from reducing sperm fertility as a consequence of declines in sperm count and 3 3 3 motility that is associated with a high incidence of sperm head structural deformity. Sertoli cells are rich in actin filaments, which play a crucial role in certain 3 3 5 biological activities, e.g., vesicle transport, ES formation and spermatid head shaping To determine the contribution by JMY expression in either Sertoli cells or 3 4 8 spermatogenic cells to spermatogenesis, we engineered mice both with Sertoli In Sertoli cells, junctional structures undergo extensive organization and transition Sertoli cells requires rapid reorganization of these microfilament bundles, so that they BTB to become more permeant resembling those in more leaky epithelia and foci, suggesting that JMY might be essential as well for the maintenance of the are tentatively supportive of a mechanism, which links impaired cell junctions and an in vitro Sertoli cell culture system since these agents can increase or decrease BTB resistance, respectively and thereby mimic their dynamic behavior in vivo. Our usage 3 9 5 of these modulators is based on reports in which testosterone promoted cell junction 3 9 6 1 9
integrity, apparently via enhancing protein endocytosis and recycling, while dynasore, 3 9 7 a well-characterized dynamin inhibitor effectively blocks endocytosis and vesicle 3 9 8
trafficking. In our case, testosterone treatment of WT Sertoli cells induced both To determine if this speculation is credible, IP and MS analysis were performed 4 3 0
and revealed that JMY could interact with Sorbs2 and α -actinin1 in Sertoli cells. such as cytokinesis, cell adhesion and cell migration (Murphy and Young, 2015) .
3 9
Recent evidence implicates that Sorbs2 can interact with α -actinin, subsequently proteins to actin filaments. In conclusion, JMY, an actin regulating protein, is essential for mediating Model Organisms (Shanghai, China). All of the mice were acclimated in the Animal Individually housed, sexually mature male mice (8 weeks old) cohabitated with two 4 7 0 virgin female mice (10 weeks old) for 7 days, and they were then separated from one The cauda epididymides were dissected and then placed in pre-warmed (37°C) Mice were euthanized with CO 2 and then their testis and epididymis were removed. For RNA analysis, tissue was immediately snap frozen in liquid N 2 . For histological 4 9 0 analysis, tissues were fixed overnight either in Bouin's solution or in 2.5% 4 9 1 glutaraldehyde buffer for electron microscopy analysis. Testes and epididymis fixed in Bouin's solution were embedded in paraffin, and 4 9 5 specimens were sliced into 5 mm thick sections and mounted on glass slides, followed 4 9 6
by deparaffinization and rehydration. The sectioned testicular and epididymal tissues 4 9 7
were then stained with hematoxylin and eosin (H&E) and observed under a UPlanFN N 40×/0.75 objective (Olympus). Small pieces of testicular tissue were immersed in 2.5% glutaraldehyde solubilized in Mice testes or cultured cells were homogenized in RIPA lysis buffer (Thermo Fisher 5 1 1
Scientific) containing protease inhibitor cocktail (Roche) on ice for 30 min followed 5 1 2 by centrifugation at 12,000 xg, for 10 min, at 4°C. The proteins in the supernatant 5 1 3
were collected and the protein concentrations were determined by the BCA Protein 5 1 4
Assay Kit (Thermo Fisher Scientific).
1 5
Protein samples (20 μ g) were separated using 8% -16% denaturing 5 1 6 polyacrylamide gels, then transferred to polyvinylidene difluoride (PVDF) 5 1 7 membranes (Millipore) using a semi-dry transfer apparatus (Bio-Rad). Membranes 5 1 8
were blocked with 5% bovine serum albumin (BSA) for 1h at room temperature and 5 1 9
immunoblotting was performed overnight at 4°C with the primary antibodies (Table   5 2 0 S3), followed by incubation with secondary antibody conjugated to HRP (Jackson 5 2 1
ImmunoResearch). Signals were generated by enhanced chemiluminescence 5 2 2
(Millipore) and detected by luminescent image analyzer (GE imagination LAS 4000). paraffin sections were dewaxed and rehydrated, followed by antigen retrieval through 5 2 7
boiling the tissue for 15 min in 10 mM citrate buffer, pH 6.0. Then, the Histostain 5 2 8 2 5
LAB-SA Detection kits (Invitrogen) were applied according to the manufacturer's 5 2 9
instructions, and the sections were stained using DAB and nuclei were counterstained Fluor 488, or donkey anti-rabbit Alexa Fluor 555, donkey anti-mouse Alexa Fluor Rate of germ cell development during spermatogenesis was studied in testis using resolved cell types based on differences in their DNA content. Briefly, the testes were 5 4 9
incubated in 1 ml PBS containing 1 mg/ml collagenase (Type IV; Sigma) at 37 °C for 5 5 0 Table S3 . Primary antibodies used in this study in Jmy CKO testis (n = 3). Scale Bars: (main) 100 μ m; (enlarged) 50 μ m.
